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Abstract— The filling of the root canal system has a fundamental role in 
endodontic treatment, since it will take the place of the root pulp, thus the 
material must act by isolating the root canal system, preventing the 
penetration of microorganisms and their toxic by-products, which can 
compromise the prognosis of the procedure. The present study was carried 
out to evaluate the apical microleakage of a hydroxyapatite modified 
sealer. After removal of crowns and endodontic instrumentation, 40 
selected maxillary single root teeth were randomly divided into two 
experimental groups (n = 15 each) according to the sealer: GENDO — 
Endomethasone Sealer / GENDOHX - Endomethasone Sealer +5% 
hydroxyapatite, and two control groups (n = 5 each). The root canals of 
specimens from the experimental group were filled with the cold lateral 
condensation technique. To assess apical microleakage, the apical linear 
dye penetration was measured microscopically from apex to most coronal 
part and data were statistically analyzed. Descriptive analyses were 
performed, followed by the Mann- Whitney test. The mean values of 
leakage observed in the groups were GENDO — 0,95+ 1,80 and 
GENDOHX — 1,01+ 1,82. No significant differences were found between 
groups (p>0,05). addition of 
hydroxyapatite to the endomethasone sealer did not interfere with its 


experimental Conclusion: The 


apical sealing capacity. 





I. INTRODUCTION 


For the endodontic treatment to be successful, a 
sequence of procedures must be performed inside the root 
canals, starting with the removal of all organic and 
inorganic content present inside the root canal [1]. 
Although the chemical-mechanical preparation is a very 
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important step in the endodontic treatment, modeling and 
decontamination of the canal will be of no use if the 
sealing promoted at the end by the endodontic filling is 
faulty [2]. 


A three-dimensional root canal filling has a 


fundamental role in endodontic treatment, since it will take 
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the place of the root pulp, thus the filling must act by 
isolating the root canal system, preventing the penetration 
of microorganisms and their toxic by-products, which can 
compromise the prognosis of the procedure [3]. The 
majority of endodontic failures are caused by the 
microleakage resulting from incomplete obturation [4]. 


The obturation technique using a main gutta-percha 
cone wrapped in sealer is the most widely used in 
endodontics worldwide [5]. 


Root canal sealers are important in achieving a three- 
dimensional filling by reducing apical and coronal 
microleakage [6]. Thus, such material must meet the 
following requirements: biocompatibility, allow healing 
and an adequate apical sealing [7]. Therefore, new 
possibilities may arise regarding the active principle of 
new endodontic cements, and hydroxyapatite represents 
one of these alternatives. 


Hydroxyapatite within the dental area is used to 
prevent bone loss in alveolar regions after extraction of 
one or several dental elements, as well as recovery of areas 
with bone resorption. Hydroxyapatite coated titanium pins 
are used in the implant for root replacement and are being 
researched in other areas such as endodontics [7]. Other 
dental specialties can benefit from the use of this 
hydroxyapatite-based biomaterial, such as endodontics. 
Therefore, the possibility of formulating a new material or 
integrating hydroxyapatite into an existing sealer is 
justified. 

In order to analyze the apical sealing promoted by 
endodontic cements, several methodologies have been 
proposed, but the most widely used analysis is the linear 
measurement of dye penetration in the apical region 
through the foramen [8]. Thus, new possibilities for 
endodontic sealers must still be tested, with the objective 
of comparing and observing better possibilities of 
materials to be applied clinically. 


Thus, the aim of this study was to evaluate the apical 
sealing capacity of Endomethasone N (Saint-Maur-des- 
Fossés Cedex - França) associated with hydroxyapatite in 
5%. The null hypothesis tested in this study was that there 
is no difference in the apical sealing capacity between the 
endodontic sealers groups tested. 


Il. MATERIALS AND METHODS 
Specimen selection and preparation: 


Once approval from the Human Research Ethics 
Committee of the Pontifical Catholic University of 
Campinas had been obtained (no. 3.653.397), 40 freshly 
maxillary incisors had been extracted for various reasons 
were included in the present study based on the inclusion 
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and exclusion criteria. Tooth with root caries, fracture 
line, open apex, external/internal resorption, calcified 
canals or curved roots were replaced. Teeth were selected 
and disinfected by soaking in 1% chloramine-T trihydrate 
solution for ten days. 


The crowns of the all teeth were decoronated at 
cementoenamel junction with a diamond disc (Horico 
Dental Hpf; Ringleb, Berlin, Germany) coupled to a slow- 
speed handpiece powered by a micromotor, under constant 
refrigeration, standardizing roots segments of 15 mm in 
length. Working length was determined by passing a size 
K#15 (Dentsply Maillefer, Ballaigues, Switzerland) into 
the canal until the tip of the file was just visible through 
the apical foramen. The final working length was obtained 
after shortening 1 mm from the real root canal length. 


The biomechanical preparation was carried using 
WaveOne Gold Large 45.05 (Dentsply Méaillefer, 
Ballaigues, Switzerland) reciprocating system following 
the manufacturer's recommendations. A crown-down 
approach was employed in preparing the root canals using 
the X-Smart Plus (Dentsply Maillefer, Ballaigues, 
Switzerland) electric motor. 


The canals were irrigated with 5 ml of 2.5% sodium 
hypochlorite (NaOCl) solution for each preparation per 
root third to rinse the canal and remove organic residues. 
In all groups, after each cycle of instrumentation and 
irrigation, foramen patency was controlled with a #10 K- 
file advanced 1 mm beyond the foramen. After 
instrumentation was completed, 5mL of 17% EDTA were 
introduced and ultrasonically activated in 3 cycles of 20 
seconds [10]. Next, a final flush with 5 ml of NaOCl 
followed by 5.0 mL of saline was performed. The root 
canals were dried with paper point size 45.05 (Dentsply 
Maillefer, Ballaigues, Switzerland). 


Group allocation: 


The samples were randomly allocated into two 
experimental groups (n=15) and two control groups (n=5) 
using a computer algorithm (www.random.org). The 
endodontic sealer used in endodontic filling represented 
each experimental group: 


e GENDO = Endomethasone N Sealer 


e GENDOHX = Endomethasone N Sealer associated 
with 5% hydroxyapatite 


e Control Group (+) = roots were obturated with gutta- 
percha but without sealer; 


e Control Group (-) = Samples in the negative control 
group did not receive root canal fillings. 
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Root Canal Filling: 


Obturation of the root canal was performed using 
lateral compaction technique associated with the main 
cone of gutta percha wave one gold large 45.05 (Dentsply 
Maillefer, Ballaigues, Switzerland) and the respective 
sealers. 


The Endomethasone sealer was manipulated according 
to the manufacturer’s instructions. In group GENDOHX a 
5% amount of hydroxyapatite was added to the 
endomethasone sealer powder using a precision analytical 
balance. 


The tip of each pre-selected master cone was slightly 
coated with its respective sealer and inserted into the 
prepared canal using in-and-out pumping motion until 
reaching the full working length. 


Lateral compaction was done and accessory cones with 
light coats of sealer around them were placed. The 
spreader was placed beside the gutta-percha to create 
sufficient space for the accessory cones. 


Excess gutta percha from the canal orifice was 
removed by using a heated endodontic plugger and then 
vertically condensed with other could endodontic pluggers 
to the level of the canal orifice. The access cavity was 
sealed with glass-ionomer cement. 


The quality of root canal filling was assessed 
radiographically. The specimens were stored in saline 
(100% humidity) at 37°C for 1 week to allow completes 
setting of sealers. 


Preparation of Specimen for Microleakage measurement: 


After 1 week, teeth (experimental and positive control 
groups) were air-dried and the external root surface was 
coated with 3 layers of nail varnish, except for the apical 4 
mm. The roots including apical foramen in the negative 
control group were entirely covered with nail varnish. 


Apical leakage was estimated using a dye penetration 
test then all samples were immersed in 1% methylene blue 
dye and stored at 37°C for 72 h. 


After a diamond disk was used to longitudinally 
section the root in a bucco-lingual direction. 


The split segments were examined using an operative 
microscope (8X magnification) to evaluate the linear dye 
penetration from the apex to the most coronal part of the 
root in millimeters using Image J software program 
(Fig. 1). 

A single operator completed all preparations and 
testing procedures. 
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Fig. 1: Measurement of apical infiltration with Image J 
software 


Statistical analysis: 


The results were statistically analyzed by Shapiro-Wilk 
and Mann-Whitney test using IBM SPSS version 20 (IBM 
Corporation 1 New Orchard Road Armonk, New York 
10504-1722, United States), at a significance level of 5%. 


II. RESULTS 


The mean values and standard deviations of apical dye 
penetration for experimental groups are presented in Table 
1. 


Table.1: Mean apical linear dye penetration values (in 























mm) 
GENDO GENDOHX 
MINIMUM 0,00 0,11 
MAXIMUM 4,21 4,02 
MA 1,44 1,48 
(SD) (1.30) ê (1,35) 4 
MD 0,95 1,01 
(IQD) (1,80) 4 (1,82) ^ 
(P-MW) 0,4098 








Abbreviations: MD, Median; IQD, interquartile deviation; 
MA, Mean; SD, standard deviation. 
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The evaluation of the dye linear infiltration indices 
showed no statistical difference between the experimental 
groups (p>0,05). 


The negative control group showed no leakage, while 
the positive control groups showed complete leakage 
through the canal space, which confirms and validates the 
experimental method (Fig. 2). 


No specimens were damaged in the split process. 





Fig. 2: Microscope images of tested samples showing 
linear dye penetration: A: GENDO (GP/Endomethasone), 
B: GENDOHX (GP/ENdomethasone + 5% 
Hydroxyapatit), C: Negative control group, 


D: Positive control group. 


IV. DISCUSSION 


Incomplete endodontic filling of the root canal system 
with inadequate apical and coronal sealing has been 
pointed out as one of the main causes of endodontic 
failures [11,12]. Therefore, the root canal filling should 
seal the canal space both apically and coronally to prevent 
microorganisms and tissue fluids from entering the canal 
space. 


Thus, this study was carried out to evaluate the apical 
sealing capacity of a variation of endodontic sealer in 
which 5% hydroxyapatite was added with the possibility of 
later analyzing a possible improvement in its 
biocompatibility. 
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In the present study, the linear measurement of dye 
penetration technique with 1% methylene blue dye was 
used to compare the apical infiltration in root canals after 
endodontic filling. Linear measurement of dye penetration 
is the one such method that is most common, relatively 
easy and fast to gauge the microleakage of the sealers [13]. 


A range of methodologies to assess microleakage of 
the root canal space is reported in the literature. Among 
them the use of scanning electron microscopy, 
radioisotope penetration, bacterial penetration, 
electrochemical analysis, fluid filtration and dye 
penetration employed in the study. In the analysis 
performed by Wu et al. 1993 [14], radioisotope penetration 
or dye infiltration has been used in more than 80% of the 
sealing studies performed in endodontics. 


Different dyes are used in sealing studies such as India 
ink, Eosin, Procion, brilliant blue, 50% silver nitrate, 
Pelican ink and, most common, methylene blue. In the 
case of Methylene Blue, the most used concentrations are 
0.25, 1 and 2%. In present study, was used 1% as it is the 
most commonly indicated as in studies 15, 16]. Ahlberg 
KM et al. 1995 [17] noted that methylene blue at 1% is 
superior to other options in terms of penetration and has a 
low molecular weight comparable to some bacterial by- 
products [18, 19, 20, 21, 22]. 


The cold lateral gutta-percha condensation technique 
was used and has been considered a gold standard filling 
technique by many studies, reflecting the good clinical 
results observed [23,24]. Some studies in the literature do 
not mention significant differences in the cold technique 
compared to other filling techniques used [25,26,27]. 


After the filling of the specimens, the roots were stored 
at 37 °C and 100% humid for seven days, as in other 
researches, to promote the complete setting of the sealer 
and provide an environment similar to the oral cavity 
[28,29,30,31]. 


The results of the study mention that in both groups, 
regardless of the sealer formulation tested, they did not 
totally prevent the apical infiltration of the dye. The 
positive control group resulted in higher levels of 
infiltration, indicating that the sealing ability of single- 
cone gutta-percha is deteriorated when used without a root 
canal sealer. On the other hand, the negative control group 
did not show apical leakage, which confirms the sealing of 
the varnish used in this methodology. 


The incorporation of hydroxyapatite to zinc oxide 
sealer can be an alternative in the condition of improved 
biocompatibility with endodontic sealer. 


According to the results of the present study regarding 
dye infiltration, the zinc oxide eugenol sealer and its 
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version incorporated at 5% hydroxyapatite did not differ 
from each other. This result demonstrates that such 
biocompatible substrate extracted from the dental element 
itself did not minimize its apical sealing capacity of the 
root canal system. 


A chemical process of decalcification and reduction of 
substrates from the tooth itself or even from eggshells, 
bovine bone or even fish scales can be sources for 
obtaining hydroxyapatite [32,33,34,35]. 


The endodontic sealer Endomethasone N has a vast 
amount of publications in the literature and, even though it 
is not a resin or even bioceramic sealer, it presents 
satisfactory results in several aspects when evaluated 
[36,37,38,39,40]. 


As observed in the literature, endodontic sealers based 
on zinc oxide and eugenol have a disadvantage in terms of 
biocompatibility, and from this point came the possibility 
of incorporating a substrate to their compound that could 
provide a better condition for interaction and less 
cytotoxicity with the periapical tissues [40,41,42]. 


The zinc oxide eugenol sealer was chosen to be added 
to hydroxyapatite due to its previous presentation in 
powder condition. Paste-paste sealers such as resinous 
ones would make it difficult to pre-handle hydroxyapatite 
to its previous weight. 


It is known that other tests need to be carried out in 
relation to the possible new sealer formulation, including 
the variation of the percentage added to the material. 


Hydroxyapatite has been used in several fields in the 
health area and, specifically in dentistry, as a biomaterial 
applied in the condition of grafts or bone defects 
[43,44,45,46,47, 48]. 


New formulations of endodontic sealers must be tested, 
mainly with active principles of biomaterials that allow the 
sealing of the root canal system and concomitantly a 
biocompatibility, stimulating apical repair when necessary. 


V. CONCLUSION 


According to the methodology employed, it was 
possible to conclude that the addition of hydroxyapatite to 
the endomethasone sealer did not interfere with its apical 
sealing capacity. 
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